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Background — Hemiarthroplasties are performed in great num- 
bers worldwide but are seldom registered on a national basis. Our 
aim was to identify risk factors for reoperation after fracture- 
related hemiarthroplasty in Norway and Sweden. 

Material and methods — A common dataset was created 
based on the Norwegian Hip Fracture Register and the Swed- 
ish Hip Arthroplasty Register. 33,205 hip fractures in individuals 
> 60 years of age treated with modular hemiarthroplasties were 
reported for the period 2005-2010. Cox regression analyses based 
on reoperations were performed (covariates: age group, sex, 
type of stem and implant head, surgical approach, and hospital 
volume). 

Results — 1,164 patients (3.5%) were reoperated during a 
mean follow-up of 2.7 (SD 1.7) years. In patients over 85 years, 
an increased risk of reoperation was found for uncemented 
stems (HR = 2.2, 95% CI: 1.7-2.8), bipolar heads (HR = 1.4, CI: 
1.2-1.8), posterior approach (HR = 1.4, CI: 1.2-1.8) and male 
sex (HR = 1.3, CI: 1.0-1.6). For patients aged 75-85 years, unce- 
mented stems (HR = 1.6, 95% CI: 1.2-2.0) and men (HR = 1.3, CI: 
1.1-1.6) carried an increased risk. Increased risk of reoperation 
due to infection was found for patients aged < 75 years (HR = 

1.5, CI: 1.1-2.0) and for uncemented stems. For open surgery due 
to dislocation, the strongest risk factor was a posterior approach 
(HR = 2.2, CI: 1.8-2.6). Uncemented stems in particular (HR = 

3.6, CI: 2.4-5.3) and male sex increased the risk of periprosthetic 
fracture surgery. 

Interpretation — Cemented stems and a direct lateral trans- 
gluteal approach reduced the risk of reoperation after hip frac- 
tures treated with hemiarthroplasty in patients over 75 years. 



Men and younger patients had a higher risk of reoperation. For 
the age group 60-74 years, there were no such differences in risk 
in this material. 



Being the main treatment option for displaced femoral neck 
fractures, hemiarthroplasties are performed in great numbers 
worldwide. In spite of this, these procedures are seldom regis- 
tered nationally and there is little evidence regarding the best 
choice of implant design and surgical technique. 

Randomized clinical trials (RCTs) may be underpowered to 
detect any differences in rare complications such as periopera- 
tive death, infection, and periprosthetic fractures. This is illus- 
trated by the question of whether or not to choose cemented 
fixation, where the 3 RCTs on modern implants (Figved et al. 
2009, Deangelis et al. 2012, Taylor et al. 2012) did not detect 
any clear difference. Regarding bi- or unipolar implants, only 
1 (Cornell et al. 1998) of 5 RCTs found any difference in clini- 
cal outcome (Calder et al. 1996, Davison et al. 2001, Raia et 
al. 2003, Hedbeck et al. 201 1). The importance of the surgical 
approach in fracture patients has not, to our knowledge, been 
studied in any RCT 

As part of the collaboration in the Nordic Arthroplasty Reg- 
ister Association (NARA) (Havelin et al. 2009), a common 
hemiarthroplasty dataset was created based on data from the 
Norwegian Hip Fracture Register (NHFR) and the Swedish 
Hip Arthroplasty Register (SHAR). This dataset has been thor- 
oughly described earlier and revealed differences in implant 
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design, surgical technique, and reoperation rates between the 
countries (Gjertsen et al. 2014). Using this dataset, we have 
now investigated factors that influence the reoperation rate 
after hemiarthroplasties in general and due to specific com- 
plications. 



Material and methods 

Both the NHFR and the SHAR began registration of hemi- 
arthroplasties in 2005 (Gjertsen et al. 2008, Leonardsson et 
al. 2012a). Verification of data recording in hemiarthroplas- 
ties in the NHFR and the SHAR is 99% and 96% (Dale et 
al. 201 1, Leonardsson et al. 2012a). Both primary procedures 
and reoperations are registered. In the common database, only 
hemiarthroplasties for hip fractures were included. By using 
the unique identification numbers given to all inhabitants of 
Norway and Sweden, reoperations were linked to their index 
operation. 

Gjertsen et al. (2014) have already described the whole 
dataset. The 2 national datasets were prepared from the 
respective registries. A common set of variables was defined 
and re-coded in order to obtain similar definitions of the vari- 
ables, resulting in 2 homogeneous databases before merging. 
De-identification of the patients was done before the 2 data- 
sets were merged. A reoperation was defined as any further 
open surgery, including open reduction of dislocated HAs 
and soft tissue reoperations without removal or exchange of 
prosthesis components. Hospital volume was defined — based 
on annual number of procedures — as 100 or fewer ("low") or 
more than 100 ("high"). The fractures were defined by their 
ICD-10 codes S72.00 (fracture of neck of femur), S72.10 
(peritrochanteric fracture), and S72.20 (subtrochanteric frac- 
ture) in the registries. Only 1.1% and 0.3% belonged to the 2 
latter groups; a number of these were probably basocervical 
fractures, and others may have been miscoded. The registries 
have no access to radiographs for validation of fracture type. 

We included all types of proximal femoral fractures in 
patients who were 60 years and older, from 2005-2010. 183 
individuals less than 60 years of age were excluded. Proce- 
dures with incomplete registry records and those performed 
with approaches other than the direct lateral transgluteal 
approach (Gammer 1985, Hardinge 1982) or the posterior 
approach (Moore 1957) were excluded (n = 1,028). Monob- 
lock prostheses (n = 1,954) were also excluded, as these are 
now hardly used in Sweden and Norway; 83% of the regis- 
tered monoblock implants were used before 2008. From an 
original dataset of 36,989 procedures, 33,205 were included 
in the analyses. 



Ethics 

The study was approved by the Regional Ethical Review 
Board in Gothenburg (ref. 1030-1 1). 



Survival probability 
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Bipolar 
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Years 

Survival analysis of bipolar and unipolar implants in the age group 
60-74 years. 



Statistics 

Cox regression analyses on reoperation (generally, and subdi- 
vided into the 4 most common reasons for reoperation) were 
performed with covariates including age group (60-74 years, 
75-85 years, and over 85 years), sex, type of stem (unce- 
mented or cemented), type of implant head (unipolar or bipo- 
lar), surgical approach, and hospital volume. Hazard ratios 
and 95% confidence intervals (CIs) are presented. A separate 
Cox regression analysis was carried out including the patients 
with information on cognitive function (n = 29,340), with 
dementia as a covariate. "Present" and "uncertain" dementia 
were grouped together and compared to "none". Informa- 
tion on dementia was mainly collected from existing medical 
records or from family members. In addition, both Swedish 
and Norwegian hip fracture guidelines recommend routine 
testing for dementia on admission to hospital. The registries 
are not aware of the extent to which this is actually done. Fur- 
thermore, we performed chi-square test and survival analysis 
(Kaplan-Meier) including use of the log-rank test. The limit 
for significance was set at p s 0.05. Survival curves were plot- 
ted for all covariates, and Schoenfeld residuals were computed 
and plotted to test the proportional hazards assumption. These 
analyses showed non-proportionality related to age when 
reoperation for any reason was used as outcome. We there- 
fore performed 1 analysis for each of the 3 major age groups 
including sex, type of fixation, type of femoral head, surgical 
approach, and hospital volume. Type of head (i.e. bipolar or 
unipolar) was omitted for the age range 60-74 years, due to 
lack of proportionality (Figure). 

PASW Statistics 18 and the R package version 2.13.0 were 
used for the statistical calculations. 
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Table 1 . Crude reoperation rates 
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3.7 


13,872 





Results 

Mean age was 84 (SD 6.7) years and 24,059 patients (72%) 
were women. 1,164 of the 33,205 patients (3.5%) had been 
reoperated during a mean follow-up of 2.7 (SD 1.7) years. The 



most common reasons were dislocation (443 cases), infec- 
tion (424 cases), and periprosthetic fracture (154 cases). 13 
patients had aseptic loosening and 130 were reoperated due 
to other complications including acetabular erosion (Table 1). 

Risk factors for reoperation in general 

In patients over 85 years (n = 13,828), increased risk of reop- 
eration for any reason was found for male sex and for use 
of uncemented stems, posterior approach, and bipolar heads 
(Table 2). In patients aged 75-85 years (n = 16,121), male sex 
and the use of uncemented stems carried an increased risk of 
reoperation (Table 2). In the youngest age group (60-74 years, 
n = 3,256), no particular risk factors regarding reoperation in 
general were found (Table 2). In this group, head design was 
omitted due to lack of proportionality (Figure). Regarding 
trends in crude reoperation rate, this group contrasted with the 
2 older ones, as women had a higher crude reoperation rate. 
120 of 2,156 women (5.6%) had secondary surgery, as com- 
pared to 51 of 1,100 men (4.6 %). 

Risk factors for reoperation for specific reasons 

Men had an increased risk of surgery for periprosthetic frac- 
ture (Table 3). Patients aged 60-74 years had an increased risk 
of reoperation due to dislocation, infection, and erosion/other 
complications, compared to the older groups. Uncemented 
stems were associated with higher risk of reoperation due 
to periprosthetic fracture, erosion/other complications, and 
infection. Bipolar heads carried an increased risk of infection 
and fracture-related reoperation. Posterior approach increased 
the risk of reoperation due to dislocation and periprosthetic 



Table 2. Risk factors for reoperation of any kind for different age groups. Cox regression analysis with hazard ratios (HR) and 
95% confidence intervals (CI). Head design has been omitted for ages 60-74 years due to lack of proportionality 



Age > 85 years 
(n = 13,828) 
HR (95% CI) p-value 



Age 75-85 years 
(n = 16,121) 
HR (95% CI) p-value 



Age < 75 years 
(n = 3,256) 
HR (95% CI) p-value 
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a Reference 

b The Hardinge and Gammer approaches together 
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Table 3. Risk factors for reoperation due to specific complications for all ages. Cox regression analysis with hazard ratios (HR) and 95% 
confidence intervals (CI) 



Dislocation (n = 443) Infection (n = 424) Fracture (n = 1 54) Erosion and other (n = 130) 

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value 

Sex 

Men 1.1(0.9-1.3) 0.5 1.1(0.9-1.4) 0.2 2.4(1.7-3.3) < 0.001 1.2(0.8-1.7) 0.4 

Women 3 1111 
Age group 

< 75 years 1.4(1.1-2.0) 0.02 1.5(1.1-2.0) 0.006 0.9(0.5-1.5) 0.6 3.6(2.1-6.2) < 0.001 
75-85 years 1.1(0.9-1.4) 0.2 0.9(0.7-1.1) 0.2 0.9(0.7-1.3) 0.7 2.1(1.3-3.2) 0.01 

> 85 years a 1 1 1 1 
Stem type 

Uncemented 1.1(0.8-1.6) 0.5 1.5(1.2-2.0) 0.003 3.6(2.4-5.3) < 0.001 3.1(2.0-4.7) < 0.001 

Cemented 3 1111 
Head type 

Bipolar 1.0(0.8-1.3) 0.8 1.6(1.3-2.1) < 0.001 2.1(1.3-3.2) 0.001 0.7(0.5-1.1) 0.1 

Unipolar 3 1111 
Surgical approach 

Posterior 2.2(1.8-2.6) < 0.001 0.8(0.7-1.0) 0.05 1.5(1.1-2.0) 0.03 0.5(0.4-0.8) 0.003 

Direct lateral a ' b 1111 

Hospital volume 

(operations/year) 

< 100 1.1(0.9-1.4) 0.2 0.9(0.8-1.1) 0.4 0.2(0.2-0.3) < 0.001 1.0(0.7-1.4) 0.8 

> 100 3 1 1 1 1 

3 Reference 

b The Hardinge and Gammer approaches together 



fracture, but reduced the risk of erosion/other complications. 
Hospital volume only affected the risk of periprosthetic frac- 
ture, where an increased risk was seen in larger hospitals. 

The pattern of risk factors for the 3 major complications 
was mainly the same when we split the population into age 
groups. For example, in patients over 85 years, the use of 
uncemented stems turned out to be a risk factor for reopera- 
tion due to infection, dislocation, and periprosthetic fracture. 
In those aged between 75 and 85 years, the use of uncemented 
stems increased the risk of periprosthetic fracture surgery. Use 
of a posterior approach was a risk factor for reoperation due 
to dislocation in all age groups. Male sex was a risk factor 
for reoperation due to periprosthetic fracture in the 2 older 
groups. In all age groups, surgery at a low-volume hospital 
led to a reduced risk of reoperation for periprosthetic fracture 
(Table 4). 

Risk factors for reoperation due to erosion 

A sub-analysis of reoperation due to acetabular erosion was 
made in the Swedish patients, since this complication not 
was specifically recorded in Norway. Of the 22,404 Swedish 
patients, 49 had a reoperation due to erosion. We found an 
increased risk of reoperation due to erosion in younger patients 
(60-74 years: HR = 58, CI: 8-452; 75-85 years: HR = 24, CI: 
3-177) and with unipolar heads (HR = 2.5, CI: 1.4-4.6). 

Dementia as a risk factor for reoperation 

29,340 patients had data on cognitive function. When we 
added dementia as a covariate in the regression analysis of 



the entire material, dementia was found to increase the risk 
of reoperation (HR = 1.2, CI 1.1-1.4). Patients with dementia 
generally had more open surgery due to dislocation, 149 of 
9,694 as compared to 236 of 19,646 (p = 0.02, chi-square test). 



Discussion 

It should be stressed that the registries depend on thorough 
reporting of reoperations (open surgery only) from participat- 
ing hospitals; thus, neither closed reductions of dislocations 
nor non-surgically treated deep infections were included in the 
present study. Only a few cases of erosion were recorded in 
this dataset, suggesting that this is a rare cause of reoperation 
(particularly in the shorter run). It certainly does not exclude 
the possibility that erosion per se is a more common compli- 
cation. The fact that we had data on only 13 cases of aseptic 
loosening precluded further analysis of this complication. 

Dislocation 

Posterior approach clearly increased the risk of reoperation 
due to dislocation. This is supported by clinical studies of 
fractures patients (Chan et al. 1975, Keene and Parker 1993, 
Pajarinen et al. 2003, Enocson et al. 2008) as well as registry 
data (Leonardsson et al. 2012b). 

Infection 

The reason for increased risk of reoperation due to infection 
in younger patients, patients operated with a bipolar head, 
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Table 4. Risk factors for reoperation due to specific complications for patients in 3 age groups (A-C). Cox regression 
analysis with hazard ratios (HR) and 95% confidence intervals (CI). Head design has been omitted for ages 60-74 years 
due to lack of proportionality 
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and those with an uncemented stem is not clear. The older 
the patient, the greater the tendency might be to prefer non- 
surgical treatment of infection, such as long-term antibiotic 
treatment. Younger fracture patients selected to hemiarthro- 
plasty treatment might have comorbidities, making them more 
susceptible to infection. It is not clear whether the role of 
polyethylene in a bipolar head (as opposed to an all-metal uni- 



polar head) plays any role, for example an increased reopera- 
tion rate due to an ambition to exchange polyethylene parts. 
Cement loaded with antibiotics is used routinely in Norway 
and Sweden (Engesaeter et al. 2010, Garellick et al. 2012), 
which could lead to a slightly lower infection rate compared 
to uncemented stems. A lower risk of revision due to infec- 
tion has been observed in cemented stems than in uncemented 
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stems, for both primary total hip arthroplasty and hemiarthro- 
plasties (Garellick et al. 2012, Gjertsen et al. 2012). 

Periprosthetic fracture 

The increased risk of periprosthetic fracture seen for unce- 
mented stems is well known from registry studies (Graves et 
al. 2009, Leonardsson et al. 2009, Leonardsson et al. 2012b) 
and has recently been shown in an RCT as well (Taylor et 
al. 2012). As in a study by Lindahl (2006), males were found 
to have a higher risk of periprosthetic fracture, contradict- 
ing the belief that old osteoporotic women are particularly at 
risk. The men who suffer a hip fracture may represent another 
type of frailty and propensity to fall. The relationship between 
posterior approach, large hospital volume, and periprosthetic 
fracture is difficult to determine. Regarding the latter, large 
teaching hospitals may experience more complications. In 
elective THA surgery, the posterior approach has actually 
been assumed to reduce the fracture risk (Jolles et al. 2006). 
We plan to do an analysis to find on any correlation between 
mortality and stem fixation in this material. 

Acetabular erosion and other complications 

This group mainly consisted of patients with erosion and pain 
of unclear origin. The younger the patient the higher the risk, 
which is well in line with erosion being related to grade of 
activity (Baker et al. 2006). The higher risk associated with 
uncemented stems may be attributed to their tendency to give 
more thigh pain initially, but this has mostly been linked to 
the Austin-Moore stem, which was not included in this study 
(Parker et al. 2010). The reduced risk after posterior incision 
might be explained by less extensive dissection and less com- 
promise to the hip abductors than with the lateral approach 
(Baker et al. 1989). 

When analyzing erosion only, the cases were few, resulting 
in wide confidence intervals. We did find the protective effect 
of a bipolar head that was the hypothesis behind the develop- 
ment of the design. In RCTs, only 1 study has confirmed this, 
and then only regarding radiological signs of erosion — not 
clinical symptoms (Hedbeck et al. 2011). 

Age 

The younger the patient is, the higher is the risk of reopera- 
tion after hemiarthroplasty, in particular due to dislocation, 
infection, and erosion. The outcome in the age group 60-75 
years differed substantially from that in the older age groups. 
No clear risk factors could be found, and women had a higher 
crude reoperation rate than men. Different patient characteris- 
tics in the younger group must be suspected. A selection bias is 
also introduced, as the 2 countries have different treatment reg- 
imens for this age group. In Norway, half of the patients were 
treated with hemiarthroplasties, 14% with a THA, and 36% 
with internal fixation (IF) (Gjertsen 2012). In Sweden, 28% 
had hemiarthroplasty, as many as 46% had THA, and 26% had 
IF (Leonardsson et al. 2013). In order to compare results inter- 



nationally, this patient and treatment selection must be known. 
In Australia, 57% of patients aged between 60 and 75 years 
are treated with internal fixation, 35% with hemiarthroplasty, 
and only 8% with THA (Data from the AOA National Joint 
Replacement Register (personal communication with Ms Ann 
Tomkins)). In the UK, the rate of THA has been increasing in 
the last few years (Currie et al. 2012). These variations make 
comparisons of national studies more difficult. 

Comparison with other studies 

Modern hemiarthroplasties all function reasonably well, and 
the clinical differences may be minor. Still, given the high 
number of hip fractures, the impact of these procedures on 
health economics, and the strain of any reoperation on an 
elderly individual, it is important to improve the results fur- 
ther. Traditional RCTs have had difficulties in detecting these 
clinical differences, thus not helping surgeons to choose the 
best implant. Studying large, prospectively registered data 
on a national (or international) level complements controlled 
clinical studies. Apart from being in line with those from the 
SHAR and NHFR alone (Gjertsen 2012, Leonardsson et al. 
2012b), our findings mainly support the results from the Aus- 
tralian registry (AOANJRR). On the question of bipolar or uni- 
polar heads, though, our results contradict the higher cumula- 
tive revision rate after unipolar implants in the AOANJRR. To 
some extent, this might be due to a different age distribution: 
25% of Australian patients treated with bipolar prostheses are 
under 75 years, as compared to 10% in our study. Correspond- 
ing numbers for unipolar prostheses are 19% and 8% (Graves 
et al. 2012). The causality is complex, as shown in the present 
study. For our oldest group, the use of a bipolar head increased 
the risk of reoperation. The suggested association between the 
use of bipolar heads and infection and periprosthetic fracture 
may be spurious, with unknown confounding factors. Further 
refinement of registry data and longer follow-up is required 
to determine whether bipolar heads are of any benefit, more 
than the reduced risk of acetabular erosion in the youngest 
group. Our figures suggest that erosion is a rare complication. 
However, the development of erosion is gradual, and many 
elderly people may hesitate to seek medical care; instead, 
they may adapt to a sedentary lifestyle. Thus, the problem of 
erosion may be considerably underrated when using reopera- 
tion as endpoint, as surgeons may hesitate to perform revision 
surgery in an elderly individual. Age, i.e. activity level, is the 
main risk factor for development of erosion (Baker et al. 2006, 
Leonardsson et al. 2012b). 

To summarize, our results on the benefits of unipolar heads 
must be seen in the light of the fact that in Norway and 
Sweden, younger patients with femoral neck fractures are to 
a great extent treated with internal fixation or THA. In addi- 
tion, a longer follow-up may reveal inferior long-term results 
for unipolar heads, as suggested by the survival curve for the 
younger group. Implant choice must be guided by the assumed 
remaining life of the patient. 
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Strengths and limitations 

In terms of size and as an international joint venture, our 
material is unique. We chose not to include country in the 
regression analyses, due to co-variation. Posterior approaches 
and unipolar heads are seldom used in Norway. In Sweden, 
cemented implants predominate (Gjertsen et al. 2014). A 
drawback of the project was that only variables used in both 
registries could be included, and patient characteristics were 
not known in detail. There may have been unknown confound- 
ing factors. A potential selection bias regarding implants and 
surgical technique at different hospitals may have been com- 
pensated for by the fact that all the hospitals in Norway and 
Sweden contributed. 

In addition to reoperation as endpoint, ideally patient- 
reported outcome and non-surgically treated complications 
should also be analyzed. Regarding primary surgery, both 
registries have excellent completeness (96-99%) (Dale et al. 
2011, Leonardsson et al. 2012a). Some hospitals may fail in 
their routines for reporting reoperations, which have prompted 
further analysis in both countries. However, we assume that 
under-reporting may not affect the results systematically. We 
chose to compare the major principles used in most hospitals, 
not specific brands of implants. The reoperation rate should be 
seen as a best-case scenario. 

Conclusion 

Infection, dislocation, and periprosthetic fracture are the main 
reasons for failure after hemiarthroplasty surgery. Each com- 
plication appears to have a particular risk profile. Use of the 
direct lateral approach is important in order to prevent dislo- 
cation-related reoperations. Cemented stems reduce the risk of 
periprosthetic fractures and infections. Unipolar heads appear 
to serve most of the elderly best. Patients aged 60-74 years 
have an inferior outcome after hemiarthroplasty compared to 
older patients. If an active patient is treated with hemiarthro- 
plasty, a bipolar head might be beneficial to prevent erosion. 
The optimum choice of unipolar or bipolar hemiarthroplasty, 
or total hip arthroplasty, based on patient characteristics must 
be studied further. 
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